Abstract. Cu 2 ZnSnS 4 (CZTS) thin films were successfully prepared by magnetron sputtering. The composition, phase structure, surface morphology and optical properties of the CZTS thin films were characterized by X-ray diffraction, Raman spectroscopy, scanning electron microscopy (SEM) and ultraviolet visible spectrophotometer (UV-VIS). The result shows that: when the sulfurization time was 15 minutes, the atomic ratio was closed to the stoichiometric ratio of CZTS thin films, and the surface morphology of the film was homogeneous and compacted with the good uniformity. The grown films exhibit strong preferential orientation along (112) plane. As-obtained CZTS films have obvious absorptions under the visible light, and after the sufficient sulfurization, the band gap remains constant with the increase of sulfurization time.
Introduction
Nowadays, the efficient and cheap compound semiconductor materials were focused on by research of the third generation thin film solar cells. The Cu 2 ZnSnS 4 (CZTS) solar cell, which gradually attracts attention from people because of its excellent characteristics with being low cost, the solar spectrum matching (1.4 to 1.5 eV), the high light absorption coefficient (greater than 10 4 cm -1 ) and the environment friendly, which has become one of the best choices for solar cell absorption materials [1~3] . The preparation methods for CZTS thin film including magnetron sputtering [4] , vacuum evaporation [5] , electrochemical deposition [6] , sol gel [7] , spray pyrolysis [8] and so on. Through the tireless efforts of the researchers, the conversion efficiency of CZTS thin film solar cell was improved steadily. At present, the representative magnetron sputtering which belonged to the vacuum physics method was one of the most promising methods. The CZTS thin films were prepared by magnetron sputtering, the uniformity of film's stoichiometric composition could be better regulated and the large area of the CZTS film would be formed. In this paper, the CZTS layers were fabricated by magnetron sputtering, followed by annealing in a sulfur containing atmosphere. The effects on the structure and optical properties of thin films in the different sulfurization time was studied.
Experiment
The CZTS precursor was deposited on the Mo-coated glass, and then the film obtained by the sputtering method. The substrate rotation rate should be set as 5 r/min. The background pressure was 5×10 -4 Pa, and the target materials for sputtering were Cu, Zn and Sn. In order to remove the possible contamination on the surface of the target, each target was presputtered for 5 minutes. To study the effects of sulfurization time on the performance of CZTS thin film. The thin films sputtering pressure was 0.3 Pa, and powers for Cu, Zn and Sn were, respectively, RF 70 W, DC 30 W and RF 60 W. The sputtering time was 25 minutes, and substrate temperature was at room temperature. The alloying time was 20 minutes under 320 ℃. The thin films was sulphurization under 530 ℃, and the sulfurization time was set as 8 min, 15 min, and 30 min, respectively. During the sulfurization process, nitrogen as a protective gas, the pressure in the chamber was about 1000 Pa. The sulfur source was solid. The film was measured by using a microfigure measuring instrument. X-ray diffraction was used for material identification and evaluation of crystalline properties. The Raman spectrometer which analyse the phase identification. The surface structure was observed by scanning electron microscopy, and the composition of the films was determined by energy dispersive X-ray spectroscopy. The U-4100 ultraviolet-visible-near infrared spectrophotometer was used to test optical properties of the CZTS thin films.
Results and Discussions
The composition and atomic ratio of the thin film were shown in table 1 to analyse the effect of different sulfurization time on CZTS thin film. The result in table.1 showed that the structure of the CZTS thin film was appeared as Cu-poor and Zn-rich. When the sulfurization time was 8 min, the Zn content was rich and the Sn content was poor. The Zn element and the Sn element were very active, which were easy loss in sulfurization process. Through the table.1, the sulfurization time was 8 min that the loss of element Zn was not reached the experimental assumption, and the element Sn was lost too much. So the structure of this sample was appeared as Cu-poor, Sn-poor and Zn-rich. When the sulfurization time added up to 15 min, the results were shown that the various atomic ratios in the thin film had changed, which was closed to the stoichiometric of the CZTS thin film. The Cu/(Zn+Sn) was 0.85 and Zn/Sn was 1.1 as P.A. Fernandes et al reported [9] . The ratio of the CZTS thin films' Cu/(Zn+Sn) and Zn/Sn were changed. Comparing to 15 min the value of the ratios were increased. Although the composition of the thin film was still Cu-poor and Zn-rich, the structure of the CZTS thin film had little changed. Increasing the sulfurization time had little effect on the atomic ratio of the CZTS thin film. With a suitable sulfurization time, the precursor would have completed reaction with S atom which aims to obtain the stable CZTS phase. As figure 2 shows, the different sulfurization times' CZTS XRD spectra were obtained, and the diffraction angle 2θ was from 15° to 65°. When 2θ = 28.52°, 32.98°, 47.34° and 56.17°, there were diffraction peaks, which were from a CZTS card numbered 26-0575 [10, 11] , and its characteristic peak of the crystal plane diffraction were as follows: (112), (200), (220), (312), and the film had a preferred orientation on the (112) direction. It also showed that when 2θ = 40.25°, there was a Mo peak [12] . From the diagram, the structure features of CZTS thin films were influenced both by the sulfurization time and Cu/(Zn+Sn). With the increase of sulfurization time, Cu/(Zn+Sn) showed a trend of increase, the diffraction peak intensity of film was gradually strengthened, and the half peak width was decreased gradually. In table 2, the diffraction peak of 2θ=28.52° was obtained, the thin film has a minimum of half peak width (0.180°) with a 30 min sulfurization time preparation, namely the film has a large grain size. Appropriate increase of Cu/(Sn+Zn) ratio could obtain a larger grain size of CZTS, which were consisted with the research results of T. Tanaka [13, 14] . In addition, the CZTS grain size can be estimated at 40 nm according to Scherrer formula. The Raman spectrum of sulfurization films with different sulfurization time was showed in figure 3. There were two obvious characteristic peaks in the graph,which located at about 288 cm -1 and 330 cm -1 , which was the same with the one that prepared by Fernandes [15] . Besides, there were no ZnS or other compounds' impurity peaks, which showed CZTS thin film with single phase was acquired by different sulfurization time. From the diagram, the sulfurization time had significant effects on the surface morphology of CZTS thin films. When the sulfurization time was 8 min, which was not long, the element diffusion wasn't sufficient enough with rough surface and uneven grain size. As the sulfurization time raised to 15 min, the thin film was relatively compact with smooth surface and the uniform particle size. When the time added up to 30 min, thin film surface got worse but a part of the grains got bigger, which were basically identical with the XRD test results. Comprehensively consideration, 15min was suitable for CZTS prepared by precursor CZT films. By comparing those SEM of the CZTS film, the sulfurization time were increased that the surface of the CZTS thin film have make a different. The sulfurization was not long enough, the reaction to produce the CZTS thin film was not completed. The time for sulfurization was long enough that the produced CZTS thin film would be resolved. Through the analysis of the experimental results that 15 min was the best sulfurization time to produce CZTS thin film by CZT precursor. The absorption spectra of the CZTS thin films were shown with different sulfurization time in figure 5 . From the figure, each sample had high absorbance in the visible light range. With the gradually increasing of sulfurization time, the absorbance increased first and then it decreased, when the sulfurization time was 15 min, the thin-film absorbance got higher though the grain size of the preparation of thin film with 15 min was smaller than the one with 30 min, it was compact with a good adhesion, hence, the absorbance was higher than the CZTS thin film preparation with 30 min. The CZTS was direct band gap semiconductor material, through the extension method it can estimate the band gap with the different sulfurization film time. As shown in figure 6 , when the sulfurization were 8 min, 15 min and 30 min, the band gap of CZTS thin film was about 1.52 eV, 1.47 eV and 1.48 eV respectively, which was corresponded with the band gap reported in the literature (1.4 eV to 1.6 eV) [16] , and with the increase of sulfurization time, the band gap basically remained the same, which showed that the sulfurization time was sufficient, and the band gap of CZTS thin films had closed to the one of CZTS materials. 
Summary
In this paper, the CZTS thin films were successfully prepared under different sulfurization time. When the sulfurization time was 15 min and 30 min, composition and atomic ratio of the samples were accord with the CZTS thin film; the film on the (112) plane has preferred orientation, and its structure features was influenced both by sulfurization time and Cu/(Zn+Sn), and when the sulfurization time was 15 min, the thin film was relatively compacted with the uniform particle size and good Crystalline; the film had high absorbance in the visible light range. After sufficient sulfurization and with the increase of the sulfurization time, the band gap of thin film basically remains unchanged.
